Seventy-two small-sized (V2 cm in diameter) lung adenocarcinomas consisting of 15 noninvasive and 57 invasive tumors were subjected to whole genome allelic imbalance (AI) scanning and mutational analysis of the EGFR, KRAS, and TP53 genes to elucidate genetic pathways of early-stage lung adenocarcinomas. The chromosome 13q13 region showed the most frequent AI (58%) and was affected at similar frequencies between noninvasive and invasive tumors (53% and 60%, respectively), as EGFR and KRAS mutations were. The number of AI regions as well as the frequency of TP53 mutations in invasive tumors was significantly higher than those in noninvasive ones [9.8 F 5.6 versus 4.8 F 2.8 (P = 0.00002) and 61% versus 13% (P = 0.001), respectively]. In particular, AIs at the chromosome 11p11-p12, 17p12-p13, and 18p11 regions in invasive tumors were significantly more frequent than those in noninvasive ones (P < 0.01). The results indicated that noninvasive tumors were developed by EGFR, KRAS, and 13q alterations and progressed to invasive ones by subsequent alterations of several tumor suppressor genes, including those on 11p11-p12, 17p12-p13, and 18p11 and TP53. AI at 8p21 was significantly more frequent in advanced stages (>IA) and associated with worse prognoses (P = 0.04) and, thus, would be involved in invasion and/or metastasis of adenocarcinoma cells and useful for the prediction of prognosis of patients with small-sized lung adenocarcinoma.
Introduction
Adenocarcinoma is the most common histologic type of lung cancer, and its highly invasive and metastatic phenotypes cause poor prognosis of adenocarcinoma patients (1) . The EGFR and KRAS genes are mutually exclusively mutated in lung adenocarcinomas, and inhibition of activities of these mutants led to the inhibition of adenocarcinoma cell growth (2) (3) (4) (5) . EGFR and KRAS mutations have been detected both in noninvasive and invasive adenocarcinomas (6) (7) (8) ; therefore, these alterations are considered to be critical for the development of lung adenocarcinomas, irrespective of their invasiveness. Recently, we showed that p16 homozygous deletions occur at similar frequencies (f25%) in noninvasive and invasive adenocarcinomas, whereas the frequency of p53 mutations in invasive ones was much higher than that in noninvasive ones (8) . However, phenotypic diversities of adenocarcinomas cannot be explained only by accumulation of these genetic alterations. Importantly, lung adenocarcinomas have been shown to carry allelic losses at tens of chromosomal loci (9) (10) (11) (12) (13) (14) . Therefore, inactivation of several other tumor suppressor genes could also be involved in the development as well as progression of lung adenocarcinoma. Furthermore, the roles of those allelic losses in the development and/or progression of lung adenocarcinoma are largely unknown.
Small-sized (i.e., V2 cm in maximum diameter) lung adenocarcinomas are mainly in early stages and classified into six histologic types, A to F (15) . Type A (localized bronchioloalveolar carcinoma) and type B (localized bronchioloalveolar carcinoma with foci of alveolar structural collapse) are noninvasive tumors, whereas type C (localized bronchioloalveolar carcinoma with foci of active fibroblastic proliferation), type D (poorly differentiated adenocarcinoma), type E (tubular adenocarcinoma), and type F (papillary adenocarcinoma with compressive and destructive growth) are invasive ones (1) . Types A, B, and C show growth with replacement of bronchioloalveolar cells (replacement growth type); therefore, type A is considered to progress sequentially through type B to type C. In contrast, types D, E, and F show expansive and destructive growth (nonreplacement growth type), and their precursory noninvasive tumors are unknown. The detection of small-sized lung adenocarcinomas is increasing due to recent advances in spiral computed tomography scans (16, 17) . However, even after complete resection by surgery, 20% of patients will not survive because of recurrence within 5 years (15) . This implies that a subset of small-sized adenocarcinomas have already metastasized to other organs. Therefore, molecular analyses of small-sized adenocarcinomas are important not only to understand the mechanism of multistage lung carcinogenesis but also to identify molecular targets for diagnosis and therapy of patients.
Due to a limited fraction (f4%; ref. 18 ) and a small volume, only a limited number of small-sized adenocarcinomas have been examined for a few genetic alterations, including EGFR, KRAS, and TP53 mutations and allelic imbalance (AI) of a few chromosomal loci (6) (7) (8) 19 ). However, a subset of the alterations, including TP53 mutations, have been detected more frequently in invasive tumors than in noninvasive tumors. Therefore, it is likely that progression from noninvasive to invasive tumors is caused by accumulation of genetic alterations. Thus, a comprehensive analysis of genetic alterations in small-sized lung adenocarcinoma will give us critical information on molecular mechanisms of lung adenocarcinoma progression as well as genes involved in invasion and metastasis of adenocarcinoma cells. In this study, 72 small-sized adenocarcinomas, consisting of 15 noninvasive and 57 invasive tumors, were microdissected and subjected to whole genome AI scanning and mutational analysis of the EGFR, KRAS, and TP53 genes. Based on the results, a genetic model for the development of noninvasive adenocarcinomas and their progression to invasive adenocarcinomas was depicted, and the association of genetic alterations with clinicopathologic factors was investigated.
Materials and Methods
Patients and tissues. In total, 379 patients with small-sized lung adenocarcinoma underwent curative pulmonary resections from 1993 to 2000 at the National Cancer Center Hospital, Tokyo, Japan. None of them received chemotherapy and radiotherapy before or after surgery. Tumors were pathologically diagnosed according to the tumor-node-metastasis classification (20) . In 205 cases, surgical specimens fixed with methanol were available and, thus, were applicable for molecular analyses. Adenocarcinomas were classified into six histologic types: 7 type A, 18 type B, 152 type C, 17 type D, 6 type E, and 5 type F, according to the criteria of small-sized lung adenocarcinoma (15) . All type A, B, and D cases and 40 of the 152 type C cases were subjected to DNA extraction. For the validation of association between genetic alterations and prognosis, additional 33 type C and 7 type D tumors were chosen from 380 patients who underwent curative pulmonary resections from 2001 to 2004 at the National Cancer Center Hospital and subjected to DNA extraction.
Cancer cells were obtained by laser capture microdissection using the PixCell Laser Capture Microdissection System (Arcturus Engineering) as previously described (6) . Noncancerous lung tissues were obtained from the regions >5 cm from tumors with macroscopically normal morphology in the resected lobes of the lung. Genomic DNAs were extracted as described previously (6) . Both the cancerous and noncancerous cell DNAs of sufficient amounts for this study were obtained from 72 cases: 6 type A, 9 type B, 40 type C, and 17 type D cases. This study was undertaken under the approval of the Institutional Review Board of National Cancer Center.
Mutation analysis of the EGFR/KRAS/TP53 genes. The status of EGFR/ KRAS/TP53 mutations in 30 cases was previously reported (6, 8) . Fortytwo cases were newly analyzed in this study for mutations in exons 18 to 21 of the EGFR gene, in exons 1 to 2 of the KRAS gene, and in exons 4 to 8 of the TP53 gene by genomic PCR and direct sequencing as described previously (6) .
Detection of AI by SNP array analysis. AI was examined by the GeneChip Human Mapping 10K Array analysis (Affymetrix, Inc.) according to the method optimized for the analysis of a small amount of DNA samples as described previously (21) . Genotype calls of tumors and normal lung tissues were obtained in 80.0% to 94.5% (88.3 F 3.5) and 83.4% to 97.9% (94.5 F 2.9), respectively, of the 11,037 SNP sites on the array, and 1,799 to 3,101 loci were informative for detection of AI in the tumors. When a SNP locus was called ''homozygous'' in tumor DNA and ''heterozygous'' in the corresponding normal tissue DNA, such a locus was judged as AI in the tumor. The fraction of AI for each tumor was calculated as the fraction of loci judged as AI.
Definition of AI region. AI regions were defined as follows by taking the call error into account. The fraction of error calls for each sample, calculated as the fraction of SNP loci for which normal tissue DNA was called as ''homozygous'' and tumor DNA as ''heterozygous'', were 0.0% to 8.9% (1.8 F 2.3). The appearance of six consecutive '' AI'' loci by the call error was far less than 1, even for the case with the largest informative loci and the highest probability of call error [i.e., 3,101 informative loci Â (0.089) 6 = 0.0015]. Thus, AI regions were defined by the criterion of containing at least six consecutive AI loci. Under the same criterion and by combination of SNP array data with spectral karyotyping and arraycomparative genomic hybridization data, 1 of 13 (7.7%) trisomic chromosomes was judged as AI, and 14 of 215 (6.5%) AI regions were due to amplification/gain of one allele in our recent study (22) . Therefore, one of allelic chromosomal segments was likely to be lost in most (>90%) of AI regions defined in this study.
Microsatellite analysis. Microsatellite markers, D8S1116 and D8S322, were chosen based on the map location and allele frequency in the Japanese population. 6 One hundred picograms of DNA were used for PCR with a set of primers labeled with FAM and NED for D8S1116 and D8S322, respectively. PCR products were run through a 3130xl Genetic Analyzer (Applied Biosystems) and analyzed by the GeneMapper software. A reduction >0.5 or an increase >2.0 of an allele in tumor was determined as AI.
Statistical analysis. Fisher's exact test was used to assess the association of two variables. The differences in the values of fraction of AI and in the number of AI regions between two groups were assessed by the unpaired t test. Association of genetic alterations with clinicopathologic characteristics was evaluated by logistic regression analysis (variables with P V 0.2 were selected). Overall survival of patients with and without genetic alterations was compared by Kaplan-Meier curves and the log-rank test. P < 0.05 was considered statistically significant. Statistical analysis was done using JMP software (version 5.1.1, SAS Institute, Inc.).
Results
Clinicopathologic characteristics and the status of EGFR/ KRAS/TP53 mutations. Clinicopathologic characteristics of 72 cases with small-sized lung adenocarcinomas are summarized in Table 1 . Adenocarcinomas consisted of 15 noninvasive and 57 invasive tumors. These 72 tumors were of 55 replacement growth types (types A, B, and C) and of 17 nonreplacement growth types (type D). All type A, B, and D cases, whose genomic DNAs were available, in our cohort were enrolled for this study. Fourteen of the 15 noninvasive cases showed good prognoses, whereas 12 of the 17 type D cases showed them. To investigate the association of genetic alterations with prognosis, 40 type C cases consisting of all 19 cases with poor prognosis and 21 random cases with good prognosis were selected from the 152 type C cases in our cohort. Accordingly, the postoperative 5-year overall survival rate of 40 type C cases selected (53%) was considerably lower than those of all 152 type C cases (84%), and the population of advanced stages (>IA) in type C cases selected (53%) was higher than that in all type C cases (24%).
EGFR and KRAS mutations were detected in a mutually exclusive manner, being consistent with previous studies (5-8, 23, 24) . Frequencies of EGFR and KRAS mutations were not significantly different between noninvasive tumors and invasive tumors (67%/ 53% and 13%/11%, respectively; P > 0.05). In replacement growth types (types A, B, and C), EGFR mutations were detected in z50% of the cases, whereas KRAS mutations were detected with lower frequencies (V33%). EGFR mutations were detected at a lower frequency in nonreplacement growth types (18%) than in replacement growth types (67%), whereas KRAS mutations were detected at similar frequencies in both types (18%/9%). The frequency of TP53 mutations in invasive tumors was significantly higher than that in noninvasive tumors (61%/13%; P = 0.001). TP53 mutations were detected in none of type A (0%) and in a small subset of type B (22%) but in the majority of type C (53%) and type D (82%) tumors.
Frequency of AI on each chromosome arm. All 72 cases were subjected to a whole-genome AI scanning using a Human Mapping 10K Array covering 11,560 SNP sites placed at a mean interval of 210 kb. Fraction of AI in total cases was 24.2 F 15.4% and was twice higher in invasive tumors than in noninvasive tumors (P = 0.00008; Table 1 ). The number of AI regions ranged from 0 to 21 (mean F SD, 8.7 F 5.5) and was also twice higher in invasive tumors than in noninvasive tumors (P = 0.00002).
At least two AI regions were mapped in all chromosome arms except five acrocentric arms; therefore, common regions of AIs among the 72 cases were defined on each chromosome arm. In total, 52 regions on 39 chromosome arms were defined as common, with two or more regions on 1p, 4q, 5p, 7p, 7q, 8p, 10p, 11p, and 16q (Supplementary Table S1 ). Frequencies of AI ranged from 8% to 58% (mean F SD, 25.6 F 11.8; Table 2 ). Therefore, regions with frequencies of AI more than mean + SD (37.4) were considered as being ''hotspots'' of AIs and those more than mean + 2SD (49.2) as being ''critical regions'' of AIs. There were nine hotspots of AIs, and two critical regions of AIs that were mapped to chromosomes 13q13 and 17p12-p13. The frequency of AI at 13q13 was 58% whereas that at 17p12-p13 was 56%.
In noninvasive tumors and invasive tumors, hotspots as well as critical regions of AIs were also defined based on the value of mean F SD for the frequencies of AIs. In invasive tumors, hotspots and critical regions were further defined separately in types C and D. In noninvasive tumors, there were 11 hotspots distributed on several chromosome arms and was only one critical region at 13q13. In invasive tumors, there were nine hotspots and two critical regions mapped to 13q13 and 17p12-p13. Similarly, there were eight and seven hotspots and two and two critical regions, respectively, in types C and D. As a whole, 16 of either hotspots or critical regions were identified in total of or in each group of small-sized adenocarcinomas.
Common and differential AIs between noninvasive and invasive tumors. We next searched for regions of AI commonly and differentially affected among noninvasive, invasive, type C, and type D tumors ( Table 2) . Forty of the 52 regions did not show any significant differences in the frequency of AI among the subtypes. In particular, frequencies of AI in the 13q13 region were similar between noninvasive and invasive tumors (53% and 60%, respectively); therefore, 13q13 was commonly and frequently affected both in noninvasive and invasive tumors. The remaining 12 regions showed significant differences in the frequency of AI among the subtypes. For instance, frequencies of AI at 17p12-p13 in all invasive, type C, and type D tumors were significantly higher than that in noninvasive tumors (P < 0.01). Other 11 regions were also significantly more frequently affected by AI in invasive, type C, and/or type D tumors than in noninvasive tumors (P < 0.05). Particularly, differences in the frequency of AI at 18p11 and 11p11-p12 regions in type C and type D, respectively, against that in noninvasive tumors were highly significant (P < 0.01). In addition, two regions, 11p12 and 17q11, were significantly more frequently affected in both types of invasive tumors than in noninvasive tumors (P < 0.05). The other seven 
24 (33) 3 (20) 1 (17) 2 (22) 21 (37) 10 (25) 11 (65) c,k (P < 0.05; Table 3 ). In particular, AI at 8p21 was also significantly more frequently detected in cases with poor prognosis than in cases with good prognosis (P = 0.046; Table 3 ). AIs of the other 51 regions as well as EGFR, KRAS, and TP53 mutations were not associated with prognosis. The log-rank test also indicated that overall survival of cases with AI at 8p21 is worse than that without ( Fig. 1 ; P = 0.036). Because 8p21 was defined as a hotspot of AI in both noninvasive and invasive tumors, AI at 8p21 was suggested to occur early in the development of adenocarcinoma. Therefore, it is possible that adenocarcinomas with AI at 8p21 are more aggressive than those without, even if the sizes of tumors are small. The result may indicate that AI at 8p21 could be a prognostic marker of small-sized adenocarcinomas.
Association of AIs with EGFR/KRAS mutations, gender, and smoking history. It is known that EGFR mutations are frequently detected in adenocarcinomas in female nonsmokers, whereas KRAS mutations are in adenocarcinomas in male smokers (25, 26) . Such an association was also detected in this study (Supplementary Table S3 ). Therefore, it is important to examine whether any AIs occur in association with EGFR/KRAS mutations, gender, or smoking. The 72 tumors were subdivided into three groups according to the status of EGFR/KRAS mutations: 40 (56%) tumors with EGFR mutations, 8 (11%) tumors with KRAS mutations, and 24 (33%) tumors without EGFR/KRAS mutations (Table 1) . Among the 52 AI regions, only 2 regions were significantly differentially affected among the three groups. 4q13 and 4q22 were more frequently affected in tumors with EGFR mutations than in those without EGFR/KRAS mutations (Supplementary Table S2 ). We also evaluated the association of genetic alterations with gender and smoking history. AI at 1p21-p22, 1p13-p21, and 9p22 was detected predominantly in female patients, and AI at 19p12-p13 was in smokers (Supplementary  Table S3) .
Genetic model for the development of lung adenocarcinoma. Based on the results, a genetic model for the development of lung adenocarcinoma was constructed (Fig. 2) . Mutually exclusive EGFR or KRAS mutations were detected in the majority of type A and type B tumors, and the frequency of EGFR/KRAS mutations in type A and type B tumors was similar to that in type C tumors. Therefore, it is likely that type A and type B noninvasive tumors with EGFR or KRAS mutations progress to type C invasive tumors by acquisition of additional genetic alterations. A subset of type A and type B tumors had neither EGFR nor KRAS mutation and, thus, may also progress to type C invasive tumors without acquiring EGFR and KRAS mutations. The frequency of KRAS mutations in type D tumors was similar to those in replacement growth type (types A, B, and C) tumors, whereas the frequency of EGFR mutations in type D tumors was much lower than those in replacement growth type tumors. These results strongly indicate that the majority of type D tumors are generated through a pathway(s) distinct from replacement growth type tumors without EGFR/KRAS mutations (14), and a subset of type D tumors are progressed from type C tumors, in particular, with KRAS mutations. AI of 13q13 was observed frequently in both noninvasive and invasive tumors, and with similar frequencies in replacement and nonreplacement growth types and among three groups according to the status of EGFR/KRAS mutations (Supplementary  Table S2 ). Therefore, 13q13 alterations were suggested to contribute to the formation of noninvasive tumors irrespective of EGFR/KRAS mutation. We recently reported that p16 homozygous deletions also occur with similar frequencies (f25%) in noninvasive and invasive tumors, in replacement and nonreplacement growth types, and among three groups according to the status of EGFR/KRAS mutations (8) . The p16 gene is located on chromosome 9p, which was a hotspot/critical region of AI in both noninvasive and invasive tumors. Therefore, p16 inactivation would also be an early genetic event as 13q13 alterations are.
AI of 17p12-p13 as well as TP53 mutations was observed frequently in invasive tumors, particularly in type D tumors, and commonly among three groups for EGFR/KRAS mutations (Table 1;  Supplementary Table S2 ). There was a significant association between TP53 mutations and AI of 17p12-p13 (P = 0.0007) in the tumors. Therefore, the TP53 gene was inactivated by these two-hit alterations in the majority of tumors analyzed. The result indicated that TP53 inactivation contributes to the progression of Table 3 . noninvasive tumors to invasive ones, irrespective of EGFR/KRAS mutation. Because frequencies of AI of 18p11 and 11p11-p12 in type C and type D tumors, respectively, against those in noninvasive tumors were significantly high (P < 0.01; Table 2 ), AI of 18p11 is likely to be involved in the progression of replacement type growth tumors, whereas AI of 11p11-p12 may contribute to the development of type D tumors.
Confirmation of AI at 8p21 by microsatellite analysis. To confirm the presence of AI at 8p21 detected by 10K array analysis, microsatellite analysis was done against two microsatellite markers, D8S1116 and D8S322, mapped in the common region of AI at 8p21 (Supplementary Fig. S1 ). Among 72 cases subjected to 10K array analysis, DNA was available in 61 cases for the microsatellite analysis. Fifty-one of the 61 cases were informative (heterozygous for either D8S1116 or D8S322), and the frequency of AI by microsatellite analysis (29 of 51, 57%) was slightly higher than that by 10K array analysis (23 of 51, 45%). However, the concordance of the results between microsatellite analysis and 10K array analysis was highly significant (P < 0.0001), and AI at 8p21 determined by microsatellite analysis was also significantly more frequently detected in cases with poor prognosis than cases with good prognosis (10 of 12 versus 19 of 39, P = 0.0475). Therefore, AI detected by 10K array analysis was confirmed by microsatellite analysis. To validate the prognostic significance of AI at 8p21, newly microdissected 40 cases were further subjected to microsatellite analysis. Thirty-eight of them were informative, and, in total of 89 informative cases, AI at 8p21 in cases with poor prognosis (22 of 29, 76%) was significantly higher than that in cases with good prognosis (30 of 60, 50%; P = 0.0234).
Discussion
We undertook a genome-wide comparative analysis of AI as well as mutational analysis of the EGFR/KRAS/TP53 genes between noninvasive and invasive small-sized lung adenocarcinomas. EGFR and KRAS mutations were detected at similar frequencies between noninvasive and invasive tumors, whereas the frequency of TP53 mutations in invasive tumors was significantly higher than that in noninvasive ones ( Table 1 ). The number of AI regions in invasive tumors was significantly higher than that in noninvasive ones. There were 12 regions whose frequencies of AI were significantly higher in invasive tumors than in noninvasive ones, whereas there were no regions whose frequencies of AI were significantly higher vice versa ( Table 2 ). The results indicated that noninvasive tumors progress to invasive ones by further inactivation of several tumor suppressor genes. A genetic model for the progression of small-sized lung adenocarcinoma constructed based on the results of this study went along well with the progression model deduced from the histopathologic findings (15); type A tumors progress sequentially through type B to type C tumors, whereas the majority of type D tumors are generated through a pathway distinct from type C tumors. EGFR or KRAS mutations and AI at 13q13, in addition to p16 inactivation, contribute to the development of type A and type B noninvasive tumors, whereas p53 mutation and AIs of 17p12-p13 and 18p11 contribute to their progression to type C invasive tumors. On the other hand, most type D tumors do not have EGFR or KRAS mutations and, therefore, are generated through a pathway distinct from that of type C tumors. A small subset of type D tumors carried EGFR or KRAS mutations and, therefore, could be developed from type A and type B noninvasive tumors, but these tumors rapidly progressed to invasive ones.
Importantly, AI at 13q13 was frequent not only in replacement growth types but also in nonreplacement growth types. Therefore, it is a common event in adenocarcinoma irrespective of growth types. AI at 13q has been defined as a frequent genetic alteration in non-small-cell lung cancer (9, 10) . RB1 is a tumor suppressor gene located at 13q14 that is frequently inactivated in small-cell lung carcinoma. However, RB1 inactivation is infrequent in non-smallcell lung cancer (27, 28) and, therefore, RB1 is unlikely to be a target for AI in adenocarcinoma. Consistently, the 13q13 region defined as a common region of AI in this study did not include the RB1 gene. Thus, a gene(s) other than RB1 is likely to function as a tumor suppressor.
17p12-p13 is the most common region of AIs in invasive tumors, in particular in type D tumors. It was shown in our present and previous studies that the TP53 gene is preferentially mutated in invasive tumors among small-sized adenocarcinomas (6, 8) , and the TP53 gene was mapped in the common region of AIs on 17p in this study. Therefore, TP53 inactivation due to a mutation of one allele and a loss of the other allele is likely to contribute to the progression of noninvasive tumors to invasive ones. The frequency of TP53 mutations in invasive tumors, particularly in type D (82%), was extremely high in this study. A major reason of such a high frequency would be the use of microdissected materials for the analysis to avoid overlooking of mutations. In addition, type C cases with poor prognosis and poorly differentiated type D cases were intentionally selected as invasive tumors. Therefore, a majority of the cases were males, smokers, and in advanced stages (>IA). TP53 mutations were more frequently detected in these subsets, although the difference in each subset was not statistically significant (Table 3; Supplementary  Table S3 ). The results strongly indicate that TP53 mutations are predominantly accumulated in advanced stage invasive tumors of male smokers.
The 11p12-p13 region possibly contains a tumor suppressor gene involved in the formation of type D tumors. We recently reported that AI at 11p11-p12 is frequently accumulated in brain metastases of lung cancer (21); therefore, this region might contain a gene(s) involved in the invasion and metastasis of adenocarcinoma cells. The 18p11 region possibly contains a tumor suppressor gene involved in the formation of type C tumors. In addition, AIs at 4q13 and 4q22 were significantly more frequent in EGFR type tumors than in non-EGFR/KRAS type tumors. Therefore, it is likely that these AIs are also involved in the development and/or progression of adenocarcinoma in genetic pathway-and progression stagespecific manners.
Patients with AI at 8p21 in tumors showed worse prognoses than those without. Therefore, AI at 8p21 would also be involved in invasion and metastasis of adenocarcinoma cells and be a useful marker for the prognosis of patients with small-sized lung adenocarcinoma. It was reported that AI at 8p is present in premalignant epithelium of the lung as well as in adenocarcinomas (29, 30) , and these findings were confirmed in this study. 8p21 was a hotspot of AIs both in noninvasive and invasive tumors; therefore, AI at 8p21 might enhance metastatic potentials of tumor cells at any developmental stages. AI on 8p was reported to occur frequently in several types of cancers, including hepatocellular carcinoma, prostate cancer, and breast cancer, and its correlation with poor prognosis was also observed in these cancers (31) (32) (33) (34) . Thus, AI on 8p could be useful for the prediction of prognosis of patients with small-sized lung adenocarcinoma as well as several other cancers. Although a target gene(s) on 8p is unknown at present, 37 genes, including TNFRSF10B/TRAIL-R2 and LZTS1/FEZ1 candidate tumor suppressors (35) (36) (37) , were mapped in the 8p21 AI regions (Supplementary  Table S1 ). Therefore, mutational and expression analyses of these genes are in progress.
AIs associated with other clinicopathologic factors were also identified at several chromosomal regions. There were nine regions more frequently affected in stage >IA tumors than in stage IA tumors (P < 0.05; Table 3 ). Therefore, genes in these regions might also contribute to invasion and/or metastasis of adenocarcinoma cells. AI at 19p12-p13 was detected more frequently in smokers than in nonsmokers (Supplementary Table S3 ). This result was consistent with our recent report that the LKB1 gene at 19p13 is inactivated preferentially in lung cancers of smokers (38) and, therefore, indicates that LKB1 is a target tumor suppressor for 19p AI. In addition, AIs of 1p21-p22, 1p13-p21, and 9p22 were detected predominantly in female patients; therefore, these regions might contain tumor suppressors whose inactivation preferentially contributes to the development of adenocarcinomas in females that are different from those in males in several aspects (25, 26) . Further molecular analyses with more cases of small-sized adenocarcinoma will be necessary to validate the roles of these genetic alterations. Identification of target genes will also facilitate the understanding of multistep carcinogenic pathways of lung adenocarcinoma.
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